INTRODUCTION
Inflammatory bowel disease (IBD), mainly including CD and UC, is a condition caused by a dysregulated immune response to non-pathogenic gut microflora resulting in spontaneous and chronic inflammation of the bowel. [1] [2] [3] Clostridium difficile www.irjournal.org to 2007 and CDI has consistently been associated with poor clinical outcomes, such as an increase in the number and length of hospital stay, higher rates of colectomy, and a 4-fold increase in mortality. [11] [12] [13] [14] [15] As such, it is recommended by current guidelines that all patients with IBD hospitalized with a disease flare undergo testing for CDI and be treated with antibiotics when testing is positive. 10 Given the similar presentations, IBD flare may be clinically indistinguishable from CDI. Treatment of IBD with CDI presents a clinical dilemma, as IBD therapies may need to continue or even be intensified to treat the underlying disease, but may result in worse outcomes in those with concurrent CDI. 16 Many IBD therapies such as corticosteroids (CS), immunomodulators such as the thiopurines and methotrexate, and biologic therapies have themselves been implicated as possible risk factors for CDI. 17, 18 There is currently no consensus regarding the safety of continued or escalated immune therapy in such a setting. Most prior investigations of IBD and CDI outcomes have diagnosed CDI by enzyme immunoassay (EIA) testing for toxin A/B. 16 The expanding use of more sensitive testing for C. difficile by PCR complicates the clinical dilemma further, as a positive PCR result alone may reflect colonization without true infection. 19, 20 While current guidelines advocate a 2-step process using toxin assay following a positive PCR to distinguish infection from colonization, not all institutions follow such a protocol. 21, 22 Even endoscopic evaluation is unreliable as a guide to therapy for C. difficile complicating IBD, as the mucosa generally fails to show the typical pseudomembranes, and biopsies inconsistently show the fibrin eruptions classically associated with CDI on histology. 17 In non-IBD populations C. difficile diagnosed by PCR alone has not consistently been associated with negative outcomes, but it is unknown if this is also true for the IBD population. 23 For the management of inpatients with IBD exacerbation, CS remain a mainstay of acute therapy. To date, no studies have investigated whether CDI diagnosed by high sensitivity PCR with IBD carries the same risk for adverse outcomes as CDI diagnosed by EIA testing during hospitalization for IBD exacerbation. Our goal was to analyze the effect of CS use on the clinical outcomes in IBD inpatients with CDI diagnosed by PCR alone.
METHODS
The study was approved by the Northwell Health System and Stony Brook Institutional Review Boards (IRB No. HS16-0306). The study population was defined as all patients 18 years of age or older hospitalized with a diagnosis of IBD and concomitant PCR-diagnosed CDI at 7 institutions across the Northwell Health system (2 tertiary care hospitals and 5 community hospitals) and Stony Brook University Hospital from 2011 to 2016 identified via Sunrise and Cerner PowerChart, the centralized clinical data registry for Northwell Health and Stony Brook University Hospital respectively. While a positive PCR alone may indicate colonization without infection, the study marks the period of time in which 1-step PCR testing without additional EIA toxin assay was the standard method of CDI diagnosis at all of the institutions studied, and the results reflect this method of diagnosis. During the study period laboratory protocol specified that only stools without any formation, Bristol Stool Scale 6 or 7, would undergo PCR testing which is a common method of excluding potential cases of C. difficile colonization without infection from PCR analysis. Patients' medical records from inpatient admissions, emergency room visits, operative notes and pathology reports were linked to obtain longitudinal data. Patients who had IBD and PCR-diagnosed CDI were identified by a systematic search of discharge diagnosis of admitted patients as well as laboratory database of positive PCR diagnosed CDI and confirmed via medical record chart review.
Study Definitions
Patients admitted with IBD and PCR-diagnosed CDI were stratified into 2 groups: patients who received CS post-CDI diagnosis and patients who did not receive CS post-CDI diagnosis. CS use post-CDI diagnosis was defined as any dose of CS use in the inpatient setting after the diagnosis of CDI and given for at least 3 days. Pre-CDI diagnosis CS use and inpatient immunomodulator/biologic use were also evaluated for their effect on adverse outcomes. Pre-CDI diagnosis CS use was defined as any dose used in the outpatient or inpatient setting prior to the diagnosis of CDI. Pre-admission immunomodulator/biologic therapy was defined by patient reported active use of 6-mercaptopurine, azathioprine, methotrexate, infliximab, adalimumab, certolizumab, golimumab, vedolizumab or ustekinumab in their admission medications list. Inpatient immunomodulator/biologic therapy was defined by the use of 6-mercaptopurine, azathioprine, methotrexate, infliximab, adalimumab, certolizumab, golimumab, vedolizumab or ustekinumab documented as ordered in the hospital record. Demographic data such as age, gender and disease type, CD ver-www.irjournal.org sus UC were collected. Given the absence of validated clinical or endoscopic disease severity indices for CD or UC from the medical record, surrogate demographic and clinical markers previously used in retrospective studies to assess colitis severity such as patient' s age, BMI, albumin, creatinine, white blood cell count and hypotension (defined as systolic blood pressure < 100 mmHg) within 48 hours of admission were collected.
Study Outcomes
The outcomes assessed were: length of stay, 30-and 90-day readmission with IBD flare or CDI symptoms defined as having diarrhea, abdominal pain or blood in stool, colectomy within 3 months of admission, intensive care unit (ICU) admission during initial admission, colon perforation requiring colectomy during the same hospitalization, CDI relapse defined as re-hospitalization within 3 months of previous admission with CDI, and death. Patients who underwent colectomies were censored for readmission outcomes as patients could not be readmitted for symptoms of colitis post-colectomy. Outcomes were evaluated for the entire cohort and then stratified by disease UC and CD respectively.
Statistical Analysis
Statistical analyses were performed using Intercooled Stata software, version 12.0 (StataCorp, College Station, TX, USA). Fisher exact test was used for comparisons of categorical variables. t-test and Wilcoxon rank-sum were used for comparisons of continuous outcomes for parametric and non-parametric distributed data respectively. Propensity scores for each patient to receive post-CDI diagnosis CS were generated via a model adjusting for patients' age, BMI, admission albumin, creatinine, white blood count levels and presence of hypotension. These variables were selected based on statistical significance on univariate analysis and on clinical face validity. The propensity score was then used in regression models for adjusted analyses. Logistic and linear regressions were used for adjusted analyses of categorical and continuous endpoints respectively. Different propensity scores were generated and used for the subset analyses of outcomes based on pre-CDI diagnosis CS use and inpatient immunomodulator/biologic use. Statistical significance was accepted when the 2-sided test had a P-value of < 0.05. Patients who received CS after the diagnosis of CDI were significantly younger (P = 0.003) and were more likely to receive immunomodulatory/biologic therapy while hospitalized (P = 0.027) compared to those not receiving CS after CDI diagnosis, but were similar by gender and ethnicity (Table 1) . During hospitalization 37 patients (21%) had endoscopic evaluation, of which 18 had colonoscopy and 19 had flexible sigmoidoscopy. Among the clinical parameters of disease severity analyzed, patients not receiving CS following CDI diagnosis were more likely to have a creatinine level greater than 1.3 mg/dL (P = 0.026), but other clinical parameters were similar to those receiving CS following CDI diagnosis ( Table 2 ). The median time to CDI diagnosis following admission was one day, and there was no significant difference in time following admission to C. difficile diagnosis for those who did and did not receive CS (P = 0.987). All patients received treatment for 
Adverse Outcomes

1) Unadjusted Outcome Analysis for All Patients
The median length of stay for all patients was 7 days (interquartile range, 4-11 days). On the unadjusted analysis, median length of stay for patients who received CS post-CDI diagnosis was 8 days compared to 6 days in patients who did not receive CS post-CDI diagnosis (P = 0.001). There was also a significant increase in number of ICU admissions (P = 0.007) and colon perforations (P = 0.020) in the group that received CS post-CDI diagnosis. All patients with colon perforations underwent colectomy. Other adverse outcomes were similar between the 2 groups (Table 3) .
2) Unadjusted Outcome Analysis for UC Patients
Median length of stay for UC patients who received CS post-CDI diagnosis was 8 days compared to 5 days in patients who did not receive CS post-CDI diagnosis (P = 0.048). There was also a greater number of colectomies within 3 months of admission (P = 0.009), ICU admissions (P = 0.007) and colon perforations (P = 0.028) in patients who received CS post-CDI diagnosis (P = 0.009) compared to patients who did not receive CS post-CDI diagnosis. Other adverse outcomes were similar between the 2 groups (Table 4) . 
3) Unadjusted Outcome Analysis for CD Patients
Median length of stay for CD patients who received CS post-CDI diagnosis was 7.5 days compared to 5 days in patients who did not receive CS post-CDI diagnosis (P = 0.015). Other adverse outcomes were similar between the 2 groups (Table 5 ).
4) Propensity-Adjusted Regression Analysis
CS use post-CDI diagnosis was associated with prolonged hospitalization (5.5 days: 95% CI, 1.5-9.6 days; P = 0.008), higher rate of colectomy within 3 months of admission (OR, 5.5; 95% CI, 1.1-28.2; P = 0.042) and more frequent ICU admissions (OR, 7.8; 95% CI, 1.5-41.6; P = 0.017). Thirty-and 90-day readmission rates were lower in the cohort that received CS post-CDI diagnosis (OR, 0.2; 95% CI, 0.0-1.0; P = 0.047 and OR, 0.3; 95% CI, 0.1-1.0; P = 0.040, respectively) ( Table 6 ). Pre-CDI diagnosis CS use was associated with an increase in 90-day readmission (OR, 3.3 95% CI, 1.2-9.2; P = 0.025) but was not associated with length of hospital stay, 30-day readmission, colectomy within 3 months of admission, ICU admission or CDI relapse. Inpatient immunomodulator/biologic use was not associated with any of the adverse outcomes. The number of endpoints for colon perforation and death were too small for propensity analysis (Table 6 ).
5) Propensity-Adjusted Regression Analysis of Post-CDI Diagnosis CS Use Based on Types of IBD
CS use post-CDI diagnosis in UC patients was associated with prolonged hospitalization (6.2 days: 95% CI, 0.4-12.0 days; P = 0.036) and more frequent ICU admissions (OR, 7.4; 95% CI, 1.1-48.7; P = 0.036), but was not associated with 30-and 90-day readmission, colectomy within 3 months of admission and CDI relapse. Post-CDI diagnosis CS use in CD patients was not associated with any of the adverse outcomes. The number of endpoints for 30-day readmission and ICU admission were too small for propensity analysis in the CD group (Table 7) . We performed a sensitivity analyses accounting for dose ranges, and demonstrated no differences in the association of receiving CS following CDI diagnosis on length of stay, 30-day readmission, 90-day readmission and CDI relapse. Colectomy and ICU stay outcomes were too small for analysis.
DISCUSSION
In the present study, we have demonstrated that patients who received CS for presumed IBD exacerbation following a diagnosis of CDI by PCR had an increased length of hospital stay, higher rate of ICU admission and increased rate of colectomy by propensity-adjusted regression analysis. Pre-CDI diagnosis CS use alone was not associated with negative outcomes. The wide confidence intervals with patients at higher risk of colectomy and ICU admission are in keeping with the small number of outcomes in this cohort. When stratified by IBD type, CS post-CDI diagnosis was not associated with adverse outcomes in the CD group but was associated with an increased length of stay and ICU admission in UC patients. Propensityadjusted regression analysis was not performed for immunomodulator/biologic use for subgroups of UC and CD as the outcomes were too small for analysis. Given the paucity of available data, there is significant variability in treatment practices for patients with IBD flares and CDI. 24 In a survey of 169 North American Gastroenterologists, 46% elected to add immunosuppressive medications when dealing with CDI versus 54% who elected to treat the infection with antibiotics alone. 24 Professional society guidelines have had difficulty filling this gap and standardizing treatment. The European Crohn' s and Colitis Organisation guidelines for management of opportunistic infections in IBD from 2014, similar to the more general CD and UC guidelines from 2016, recommend CDI testing of all patients with IBD flare. The authors report that immunomodulators and especially CS may be associated with CDI development and negative outcomes in IBD, but were unable to offer a specific strategy for their management. 25, 26 The recent American Gastroenterological Association clinical practice update suggests that clinicians may postpone escalation of CS and other immune therapies in the setting of acute CDI, but states that there is little evidence available to provide a firm recommendation. 10 Ben-Horin et al. 16 evaluated the effects of combination therapy with antibiotics and immunomodulators on patients hospitalized with IBD and CDI diagnosed by toxin assay. A total of 155 patients (59% with UC) all of whom were treated with antibiotics for CDI, with 67% also receiving immunomodulators, defined by use of CS at a dose of 20 mg of prednisone or greater, thiopurines, methotrexate, cyclosporine, tacrolimus or biologics of any kind. The authors observed a trend for negative outcomes such as death and colectomy when immunomodulators were used (likelihood ratio, 11.9; 95% Cl, 0.9-157; P = 0.06), but that only combinations of 2 or 3 immunomodulators were correlated with these negative outcomes on multivariate analysis (OR, 17; 95% Cl, 3.2-91; P < 0.01). 16 More recently, Ananthakris hnan et al., 27 utilizing clinical markers of disease severity similar to our own, examined a group of 294 hospitalized patients with both IBD and CDI identified by ICD-9 code search. While 58 patients (19.7%) met the primary outcome of colectomy (n = 45) or death (n = 13), only albumin levels below 3 g/dL were significantly associated with these outcomes, but not medication use including CS, azathioprine, 6-mercaptopurine, methotrexate, infliximab, adalimumab within 30 days after or before the diagnosis of CDI. Given the study period January 1998 through June 2010, it seems likely that very few of these patients had their diagnosis made by PCR testing. While we have shown an association between CS use and adverse outcomes, limitations of the retrospective study design prevent drawing any stronger conclusions of a direct cause and effect relationship. Our main limiting factor, common to other retrospective work analyzing IBD populations, was the lack of standard IBD clinical activity scores to allow for additional analysis of outcomes by disease severity. Also, with only 21% of our own patients having either colonoscopy or sigmoidoscopy, we were unable to analyze outcomes by endoscopic disease severity or phenotype. Though surrogate markers of disease severity used in other recent retrospective studies of IBD and C. difficile 16, 27 were similar for those receiving CS and those not, it would still be reasonable to assume a bias towards prescribing CS in those with more severe clinical presentations who would be expected to be at higher risk of negative outcomes. Gaps in the medical record, as well the small number of endoscopic procedures also prevented analysis by IBD clinical characteristics beyond the diagnosis of CD or UC. Additional bias would include the lack of a protocol directing the choice of antibiotic therapy prescribed, though the analysis found no gross difference in antibiotics used between those receiving and not receiving CS. www.irjournal.org
It is important to note that the decision to begin CS was made for almost all patients prior to or immediately following their CDI diagnosis, that is, patients receiving CS following CDI diagnosis were generally not given an opportunity to recover with a trial of antibiotic therapy alone, as recent expert opinion has recommended. 28 Also, we observed a significant decline in 30-and 90-day readmission rates in those who did receive CS and avoided colectomy, suggesting that some subgroup of patients may benefit from CS use. It is possible that this may be due to a group of patients for whom the main acute issue was the IBD rather than the CDI, that is, those truly colonized rather than infected. These mixed results would seem to add support to current guidelines advocating a 2-step process, incorporating toxin assay, for the diagnosis of CDI in the setting of IBD, 10 where loose stools even without true infection are so common. Also, while readmission to the 2 health systems among those diagnosed with CDI is very closely tracked, we cannot rule out the possibility that patients may have been admitted to facilities outside of the Northwell Health and Stony Brook University Hospital Systems following their initial discharge.
In conclusion, we have demonstrated that among hospitalized patients with UC and PCR diagnosed CDI, post-CDI diagnosis CS use was associated with an increased risk of colectomy, ICU admission and prolonged hospitalization. Our findings suggest that CS use among hospitalized UC patients with PCR diagnosed C. difficile is associated with negative outcomes, and would seem to reinforce the importance of C. difficile toxin assay to help distinguish colonization from infection. The findings also further support the utilization of a trial of antibiotic therapy prior to CS use. While these findings do not preclude the use of other immune therapies, including the continuation of outpatient medications following hospitalization, the results do suggest that CS should be used cautiously in this population.
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